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1.0 PURPOSR AND SCOPE

| by ccntuct m14959, "A Research Study of the tmm- Orbiter Sp.e.-
araft Regarding its Adaptability to Other Sclentific Investigations®.

m-tmuthouconcvoluuormﬁzquportquud'

Ituwtoprmacubackgromdtortbocwh, ‘glving a
mm. yot eo-pnhouin, description of the Block I spacecraft
sad its mynun V
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3.1
Selod

3.1.2
3.1.2.1

DESCRIPTION
Introduction

ission Objectives

“hs primary objective of the Iunar Orbiter is to obtain topographic

4ata about the lunar surface. This 1nror-tion.1n necessary for the

selection and confirmation of landing sites for Apollo. It will also
extend the scientific knowledge of the mocn's surface. Seccndary mis-
sion objectives are to secure information about the gravitational
field and certain lunar environmental data. Specific objectives foar
the mission are as follows: ‘

s. Take -odurato-x;nolution photographs of at least 40,000 square kilo-
meters of lunar surface about the prime target located at 2.5° |
south latitude, 36° west longitude.

¥. Taks high-resolution photographs of at least 8,000 square kilo-
meters of lunar surface at the target located at 2.3°% south lati-
tude, 53° vest longitude.

@. Obtain lunar envirocnmental data on micrometeoroid flux and energe-
tic particle flux. . '

4. Trensmit all photographic and eanvironmental data to earth.

¢. Bstablish lunar ordits vhich will provide the dasis for ascertain-

~ ing the lunar gravitational potential and obtaining selenodetic
ﬁfomtiou from arth-'bued tracking data.

llﬁu}‘on Dascription

i

Leunch Vehicle ' .
A tvo-stage launch vehicle, consisting of an Atlas D (model sr.v-3) first
stage and an Agena D (Nodel SSO1B) second stage vill boost the spece-
eraft into a translunar trajectory via an earth-parking orbi‘t. The
launch vehicle coufigurstica is shovn in Pigure 3.1.2-1. :
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FIGURE 3.1.2-1
I.AUNCH VEHICLE CONFIGURATION
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3.1.2.1.1

- SLV-3 Configurstion
' m SLV-3 sirframs consists of two major sections: booster sad

‘The booster section comprises & booster engine system vith two

are cut off and the entire section is jettisoned to lighten the

g ,ul.nﬂiotceu receives & pulse-coded signal from s ground station

muinn;.. Engines are gimbal-mounted and sviveled for directional
control and stability. They are ignited prior to launch and are

all fed from the same fusl tank and oxidiger tank. Tanks are pres-
sure stabilised, maintaining their structural rigidity without

internel bracing.

thrust chambers, an aft engine fairing assembly, a fireshield,
thrust longercns to transmit the loads from the engines to the
sustainer thrust ring, and the associated hydrsulie, ﬁnoumatic, and]
electrical components required for booster engine operatiomns. At
the optimum time during the mission trajectory, the booster engines)
total vehicle veight. )

A nght-ﬁight bulkhesd separates the liquid oxygen compartment
from the fuel tank in the sustainer section. Located on the cene
terline at the aft end of the vehicle is the main or sustainer
engine. Mounted along the sides of the propellant tanks are the
tvo smll vernier motors. The sustainer '1- gimbal-mounted and
provides directional control. After this engine is shut down,
the verniers allow final correction in pitch, yaw and roll.

A radio inertial guidance system determines the vehicle's posi-
tion and velocity and, on the basis of mission objectives, comandﬁ
the flight correction necessary to fulfill these objectives. A

centaining discrete steering commands. *

Lo R
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3.1.2.1.2

' §L¥-3 Con tion (Cont.
‘The pulse Beacon sends s return signal to the ground station for

S specific mission, are also placed in the aft section. The
m section and extension mate the Agena with the SLV-3 booster}

Beasurement of positiocn of the vehicle. A decoder translates
the pulse message from the ground station and distridbutes the
information to the various vehicle systems. A rate beacon
receives & doudbls side-band suppressed carrier signal from the
ground station and generates & return signal vhich lies bdetween
the frequencies of the two side-bands received.

Agena D Configuration )
The Agena D spacefrems 1s & senmimonocoque structure consisting of

magnesium skin and supporting members providing the sdrodynamic
snd structural shape of the basic vehicle. The spaceframe houses
and supports the various vehicle systems and components, end
provides the support platform for the spacecraft.

The Agens D is 4ivided into four sections: VForvard, propellant
tank, aft, and dooster adapter. The forward section contains
mounting and supporting prov;luonl for components of the pressurie-
sation, electrical, guidance, and electronics systems. The
propellant tank consists of two compartments for separate storage
of the fuel and axidizer. The fusl is unsymmetrical dimethylhydra-
sine (UIMH), The axidizer : s inhibited red-fuming mitric acid
(IRHA). The aft section consists easentially of an engine cone
and support structure for mounting the engine fiight control
paneumatic system, hydraulic system, and associated viring harnesses|
snd brackets. Equipment trays, for sdditional items necessary for

V-avi-see
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3.1.2.%5.2

The edapter ulso heusss twve retrorocket motors which pmidc eha

‘Buring povered flight, pitch snd yaw control are achieved by
- gisbaling the main engine thrust chamber through & controller
.' o uch of the hydrsulic _lctmtorn. ‘ Roll control during powvered
. flight, snd pitch, yav, and roll control during the cosst pericds

-—nmcondiuouinthomumdtmnmtn t.hi-dataonsm
‘uﬂ'hr In eddition, one channel of the telemstry system vwill be

&n__n D Configuration Scontzi

-uwlu uqnizpd to nparlu Agema from BLV-3.

e u.u D flight control systeam carries aut vehicle stabilization]
eoumands from the guidance system and performs the required time

sequincing functions after the SLV-3 is Jettisoned.

15 achieved by cold gas thrust valves using a mixture of nitrogen |
ad freon.

Volﬁch attitude is sense2 by a three-axis, strapped-down, inertial]
yeference package that is refsrenced to the earth by an infrared
berison ﬁl« system. Attitude errors are converted to the

required corrective unﬁ" vhich are spplied to the wehicle

through ﬂn control mun. Vehicle velocity is msasured along the
nn.-d’-m@t ‘by an inugrating accelerometer unit known as the.
velicity meter. During powered flight operations, the velocity
meter gonerates the engine cutoff signal when the required velocity
incremsnt is reached. A C-band transponder 1s installed in the

wvehicle for tracking purposes.

-

A telemetry system monitors and measures functional and environ-

wtilized for t.rauniuia: of the complete spacecraft data stream.
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3.0.2.1.2

3.1.2.2

3.1.2.3

Agens D Configuration (Cont.)
Spacecraft data vill be conditioned snd supplied to the Agens
- telemstry system thrvush an il;-flight discennect.

Pigures 3.1.2-2 s 3.1.2:3, has a nominal weight of 850 pounds

‘top of the Atlss/Agens launch vehicle.

During lm;nch, the solar panels are folded under the spacecraft

~fhe spacecraft 1s cowposed of the follewing major elements:
- e Photo Subsysten

£. Btructures and Mechanisms Subsystem
g+ Bpacecraft Subsystem "Integrated Elements" (consists of those m%

"Block I Mission Profile

kAN

The Ixmar Orbiter spacecraft, opposite views of vhich are shown in

and is designed to be mounted within an serodynamic mose fairing on

bngo and the antennas are held against the side of the structure.
h.m. configuration, the spacecraft is appreximately 5 fest in
diamster and 54 feet high. With the solar panels and antsnnas
deployed after injection into the translunar trajectory, the
saxisem bpen 16 inereased to approximately 184 feet along the
antesna dbooms and 12 feet scross the solar panels.

). - Power Subsystem
Commnications Subsystem

d. Attitude Control Subsystem

e. Velocity Control Subsystem

elaments of hardvare not specifically included in the subsyste
8. through f., above).

Artor launch from Pad 13 at Cape Kennedy, niuion control and
data lcguiuucn will Ve oxerciaed from the Air Force Fastern Test
Range (AFETK) until handover to the Deep Space Network (DSN)
following spacecraft injection into translunsr trajectory. The
DSH 3s comprised of the Bpace Flight Operations Facility (SFoOF),

el oewve | 1R-100369-2
e ;.' o ‘ {’“‘A 16
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3.3.8.3

3.1.2.5.1

‘Jdock I Mission Profile (Cont.)

e Deep Space Instrumentation Facility (DSIF), end a Ground Gom-
sundestions Systen (00S). Dewp Gpace Stations (DSS's) within thal,
mmuwmm trln-iuiolotw-oﬂdutod eozmands
% the spacecraft and for the scquisition of spacecraft data for
use at the 8IOF. The transfer of control frem the AFETR to the DSK
will take place‘upon positive scquisition of & spacecraft by a DSS.
m 3.1.24 shovs typical operations for the camplete mission.
AFEIR Mission Phase _ ’ |
Due %0 lmmar {llmmination requirements and waiting time sssumptionms,
the launch pctod for one mission, identified as P-I, is from June
16, 1966 %0 June 23, 1966. June 20 and Jume 21 will likely be une
available, however, becsuse of Agena Horizon Sensor constraints.
During this launch period, the availabls launch window on the AFETR

. w11l be greater than the 15 mimute minimm. ‘The speeific P-1 tra-
Jectory used for planning purposes includes liftoff at (GMT) on

June 23, 1966. The boost trajectories for Lunar Orbiter include an

earth parking orbit with coast times varying with lunar declination
end launch asimuth.

Upon launch, the vchich '11.1 rise vertically and execute a program-
med roll meneuver so that the proper launch azimuth (as determined
by the launch time) will be obtained when a programmed piteh-down
mansuver is initiated. m- programaed pitch-dovn maneuver will be
performed until the Atlas booster engines are cut Qff and jettisoned
Dimdng the subsequent sustainer and vernier stages, adjustments in

wehicle attituds and engine cut-off times will be commanded to ad-
| Juat the position and velocity at Atlas vernier engine cut-off.

Dmediately folloving vernier engine cut-eff, the nose fairing-will

U-avi-ten
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AFETR Mission Phase (Cont.)

be ejected and Atlas-Agena seperstion vill occur. Agens first-burn
%111 then be executsd t0 inject the vehicle into e lm-mut'lul-lih
parking orbit. The first-bLurn maneuver will be progremmed pitche

dowa msaeuver.

At s pndntcnimd time in earth parking orbit, Agena second-burn
ﬂuhm&ud.tomectth.uhich into the translunar tra-
Jectory. 7This will de followed Ly the separation of the spacecraft
fxom the Agens and by an Agena retromaneuver to reduce the prodadbe
411ty of Agena interference with the spacecraft, or Agena impact on

. the moon. Figure 3.1.2-5 shows the initial portion of the tre-

Jeatory through injection into the translunar trajectory.

Prior to launch, the Cape Kennedy DSS will provide the SFOF with de-
$ailed information, s established by & mutually agreed upon count-

. Gown, such as spacecraft KF link characteristics, to assibt in sub-

sequent spacecraft acquisition by the DSIF. From Launch until

. transfer of mission control to the SFOF, AFETR will provide the SFOF¥
~ with tracking data and spacecraft telemetry data in real time. This

data, vhich will be processed at Cape Kenmnedy, will de acquired from

~mmw'&mmmnmmmmms-

band telemetry stations.

Txacking and mm Agena felmtry-mnu data vill be used by
AYEIR to determine the parking orbit and transfer orbit conditions.
mmwuunumnufmmawmcup?mm

- Operations Center for relay to the SFOF. A portion of the data used

by ATETR will also be relayed to the SFOF vhere it vill be used in
ﬂnm Ordit Determination process. In addition, initial N

VO-ArI-4000
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3.1.2.3.3

3.1.2.3.2

AFETR Missicn Phase {Cont)

acquisition data (lLook Angles) for Johannesburg and Wommera DSS's
wvill be provided. This data will de ecomputed and relayed to the
SY0F for evalustion and onward transaission to the DSIY.

m the ATREIR mission phase, ipuocn:t performance toimtry
data will de transmitted by the spacecraft S-band transmitter. The
minfuuuonvlnmoh eontunedonthn Agena VEF telemetry
systan, from launch through Agena-Spacecraft separation. Data from
beth sources received by the downrange stations will be recorded
lacally and data from at lsast one source will be transaitted to the
SYOF via Cape Ksnnedy. - Downrange ctaumueommmlbom

’ lvdhbh %0 the Projoct for evaluation.

DEN Mission Phase

From acquisition of the spacecraft by the DSIF until the end of the
missien, control will be exercised from the ISN. ‘Three deep Space

‘Stations (DS3's), Goldstone-Bcho, Madrid, and Woomera, will be used
99 trenmmit commands to the gpacecraft and obtain angular pounon,‘

&oppler, ranging, photo data, and performance telemetry data. In

"addition, the Johanncbbnrg_ms may de required to track the space-

eraft and record performance telemetry data during the inBtial phase
of the translumar trajectory. All commands will either be originated
at or spproved by the SFOF.

Shortly after Agena-Spacecraft separation, the spcicecrart program-
mer -xn coommand solar panel and antenna deployment and sun acqui-
sition. Upon passing through the Van Allen belt, after about six
(6) bours of translunar flight, the Canopus sensor will be turned on|

. 8tar mapping will then de accamplished to facilitate Canopus identi-

YT

e e e e

: NO. P2.100369-2
e BOEING

-~ L . PAGE 15




SN B
~.
LI

L ¥

3.3.2.3.2

| e made as early as seven(7) hours. After approximately 70 hours

" As the spececraft approaches the moon, an SFOF-originated, lunar-

- In the £imal orbits, the spacecraft will de commanded to take 11

\ mmmmm;mm;_ao-aLn--mo with the

13§ lﬂ.;'cion Phass (Cont.)

fication and acquisition. Bpacecraft attitude vill be established
snd maintained throughout the mission by the resction eontrol system
working in conjunction with the Canopus and sun sensors. Based ou
trecking data obtained threugh the DSIF, s trejectory course cor-
rection mansuver will be cammanded by the EFOF after about 15 hours
of trsnslunar fiight, if required. If necessary, a correction may

of translunar flight, another course correction will be commanded
if trecking data indicates the need.

orbit injection comsand vill be executed to place the spacecraft
into an initial orbit with a 250 km perilune and an apolune of
1850 M. During the initial ordbit phase, vhich will have a duratien
of about 45 hours minimm, 17 photo frames vill be taken and 3 read
out %0 permit identification of subsystem optimization adjustments
vhich may be necessary prior to photogrephy in the final orkit phase
Towvard the end of the initial ordit phase, a transfer command will ‘
be leaded into the spacecraft programmer. Execution of this command
will place the spacecraft in a final orbit with a 46 km perilune and
en spolune of 1850 KN. The gecmetry of the initial and final orbits
s shown in Figure 3.1.2-6.

photo mncel; T of the prime target and 4 of th; secondary
target. Between photo orbits, limited readout will de commanded to
verify proper operation of the photo subsystem. Readout of all
J0oto frames vill commence on the Z7th final orbit. This will con-

-1 1008

[ F U

— R _Boewve | O R-10039-2
- | 5

l race 16

e ————— e e




injection Into
Initial Orbit

g 1/2* lnclination
hange) - :

Orbital Perfodss
1 3 Initlal: 3 Hrs. 40 Min. 8 Sec. '
«. Finali 3 Hn. 28 Min. 10 Sec.

ORBITAL GEOMETRY (INJECTION CONDITIONS)
FIGURE 3.1.2-6
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3e1.2.3.2

N

~,

3.2
3.2.1
302.101

DSN Mission Phase (Comt.)

exception of every 9th orbit, during vhich readout ccemands vill be
1saded 1in the spacecraft programer end trscking data acquired for
ﬂi‘wm.

'mmmmpm«mmgmm(wum
ﬁcmn)ru.lbgu‘.yom, developed, and transmitted to earth. °
Vehicle stabilization will be maintained to & closer tolerance
mm, photography-aad video data transaission than at

“ othar tines. | o . |

Until completion of the photo phase, the DSK will contimuously track
the spacecrsft from acquisition through that portion of the lunar
exbit vhere 1t is not obscured by the moon. Thereafter, for a
period of 11 months, the spacecraft will be tracked periodically
to obtain scientific data. ‘n-acnng requirements are as fo.‘l.lavn
(1) Yor a period of 30 days beginning at end of photo transmission:
mm'mnumm«biu‘wmbywtncnulunon;
(2) from 30 days after end of photo transmission to ome year sfter
launch: l-minute sampling of twe orbits per day, three days per
Week, from any tracking station. A maximm of two to three days
separstion between these samples is preferred. |

Bubsystem Descriptions
Photo Subsystem

Introduction

A ]

The Photographic Subsystem of the Lunar Orbiter bas been designed to
idhtaia both high and medium resolution photographs of the lunar
surface. The high resolution coversge is centered within the erea

of medium resolutica. Photogrephs nominally will be obtained from
. )
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3.2.1.2

3.2.1.2.2

Introdustion (Cont.)

the spacesruft vhile in an ellipticel oxbit wvhich places the peri-
iune over the target area at an altitude of &6 kilometers. Oper-
ational modes are provided to permit different coversge pattemns of
Mgh snd nedium resclution, inclnding overlap suitabls for stereo.
Fhotogrephs are taknonnhvhiehuprocouedndnsmad'to
produce a video 'sigml for transmission to Earth, where they are
reconstructed.

-

Functional Description
The Photographic Subsystem (PS) bas several basic units having dis-

. 4ingt funetions. These include the camers, processor, and readout,

and the associated power supply snd electronics in the spacecraft,

and the Ground Recomstruction Bquipment (GRE). A schematic diagram

of the Iunar Orbiter Photographic Subsystem is shown in Figure
3.2.1-1. ' |

Comera

The photographs are taken by & dual-lens system vhich produces & |
Aigh resolution image and a medium resolution iwage on 70 mm film.
The medium reselutica lens is a Schneider Zenotar of 80 mm focal
length which operates at a fixed Ap;rhme of £:5.6. The high reso-

Jution lens is a Paxoreamic, having a focal length of 24 inches and

ths same aperture of £:5.6. A between-the-lens shutter is used dy
the 80 m lens, and & double-curtain focal plane shutter by the 24~
inch lens. These shutters are adjustable by ground command to 1/25,
1/50 or 1/100 second. hefminhidmthe focal plsnes by
platens vhich clamp the filw and bold it flat to 3 0.001 ingy by

Usamiieee -
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3.2.1.2.1

L R ———,

-

"(mu Con' 0)

Because of arbdital n.loctt’y, image motion compensation is required
%0 prevent imege mear. A velocity-to-beight retio (V/E) sensor
tracks & portion of the image produced by the 2h-inch lens, ana
Sranslates tracking motica in its optical train ¢o a platen move-
meat, vhioch follows the hggc along the direction of flight. Both
Platens are moved. A 1§ error of about 2 micrcns during a 1/50
wmmimmmmm-mxm«mmm
altitude rangs of 38 to 210 kilometers. An illmination level of
20-1000 foot lmmberts at the surface is required.

- At the nominal perilune sltitude of 46 kilometers, resolution of 1
- Weter on the surface vill be obtained in the high resolution photo-

graphs, and 8 meters resolution in the medium resolution photographs
vith aa ebject comtrast ratic of 3:1.

The f1ln used on the Lunar Orbiter missions is Bastman-Kodak Typs
80-243. This film bas an aerial exposure index of 1.6. Although -’
slov in comparison with more ‘comeon emulsions, it has extremely fine
&uin and exceptionally high ‘relolﬂng pover. In addition, it has

& lov sensitivity to ionizin_a radiation. 7o provide for eontrol and
ealidratien, data consisting of high and low contrast resolution
bars, a ten-step gray scale, and linearity pattern, as shown in
Figure 3.2.1-2, is pre-exposed along one edge of the film under
precisely controlled conditions. A total of 260 feet of film,
sufficient for 194 dual exposure frames, is um;ammrnou-
graphic subsystem.

~ The pleture formats, dictated by film vidth, lens field of view

mmmuorwcmmuwmumah
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3.2.1.2.2

3.2.1.2.1 -

~ photogrephs dover areas of 4.15 x 16.6 kilometers and 31.6 x 37 kilod

- edjecent on the fils.

“ @ series of b, 8, or 16 frames st two rates to provide the different

. absorbed in its emulsion layer. Processing occurs by diffusion of

shown in Figure 3.2.1-3. The format for the high resolution photoe
graphs is r551219lllcorrnponding to haif-angles of 3° and 10°.
For the medium resolution photographs the format is 55 x 65 mm, or
19% x 22° balf-angles. The direction of flight 1s scross the nar-
rowver dimension. The equivalent coverage on the lunar surface is
mt‘upon Zhe altitude of the spacecraft and to any deviation
of the csmers optical axis from the spacecraft nadir. At the noa-
inal perilune altitude of 46 kilometers, the high and medium resoluti

neters respectively. Both exposures are made simultanecusly. Be-

morwnmnummmmdcmmmnmrmtmzk-
inch lens optical peth which orients the focal planes at an angls of
90%, the images of esch lens for a particular photo pair are not

S8ince photographs can be sequenced as single-frame exposures, or as

ooverage patterns, ﬁhvulbo cpoudttnntcmhruwmn

ttm‘boproc«ud Alnporhﬁunmtyofzon-mnhh-
wmnhmmmuummum

Processor - Dryer

The exposed film is processed at a rate of 2.3 inches per minute by
the Rastman-Kodak "Bimat" process. The exposed film is laminated
vith the Bimat film vhich cerries & single developer-fixer solution

the reagent fram the Bimat to the film. Since the process goes to
completion, mucnofﬂum-ntndﬁhmynryrronu}mm

Us-awi-1000
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3.2.,1.2,2  Processor - Deyer - (Cont.)
 of thres misutes to & maximm of several hours. Following delamin-
liiuv from the Bimat, the slightly damp film passes through a m-
Moisture is taken up by pads containing potassium thiocyanide
(KSCH) vhich maintain & 50% relative humidity within the enclosed
pressurised shell containing the Photo Mmm The dried film
h'“ltorgdcalm-w reel until read out.

3.2.1.2.3 eadout (Optical Mechanical Scanner

~ During readeut, an electron gun sweeps & line of light across a
phosphor covered rotating drum in the Line Scan Tube (LST). An
optical system focuses an image of the line on the photographic
film, resulting in a scan line 2.67 mm in length. The optical
system mechanically indexes the position of the line to produce the
sweep in the orthoganal direction. When scanning has progressed
aoross the vidth of the film, the film is indexed ahead by an amount
oqual to the length of the sweep to scan the next "framelet". The
-1ight transaitted through the film, modulated by the image density,
is sensed by & photo-zltipi:ier tube vhich generates a signal pro-
portional to the intensity of the transmitted light. This signal is
amplified, timing and synchronization pulses added, and fed into the

_ ecmmnications link as the composite video signal for transmission
te Barth. PFigure 3.2.1-h shows the important features of the read-

out.

N \ As film notian through the lcctnner during readout must be opposite
t0 that during photography, a resdout looper is provided between the
processor-dryer and the scanner to take up & length of film adequate

‘hmdmtthnedml-trm.beton.uﬁhha‘.nbeen exposed and

-processed since processiag etunot be reversed. Following com-

Y-4001-1000 .
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3.2.1.2.3

W”m

3.2.1.2.%

© 3.2.1.3

" Readout (Optical Mechanical B,clm:} (cont.)
. plstien of all photography, the Bimat is eut, slleving film to be

. recorded on 9 inch £ilm. This sequence is shown in Figure 3.2.1-5.

The operation of the PS is determined by the mission requirements of

Tun beck t8 the originsl supply reel vhile scanning all of the
photogrephs. Provision 1s made for repeated resdout 1f desired.
Qommand, Control and Programser

The Cosmand, Control, and Progremmer has the function of providing
the progreamed, operating logic, sequeneing, verification of pro-
gramed or real time ¢cumands, and handling of most P8 telemetry
signals. The m 1ist for PS8 operation is given in Tudble 3.2.1-)
end the telemetry for monitoring operstions of the PS.1s given in
Mmble 3.2.3-2. B

Ground Reconstruction Bquipment

The signal tranmmitted by the spacecraft is received on the earth by
DEIF¥. The video portion is monurtedtomméeonucathoda ray
tube vhich 1s photographed by the recording kinescope on 35 ma film.
The sections of film corresponding to sach framelet are re-assembled
in proper sequence and orientation by the re-assembly printer and

Operational Description

target eovmgo. including ares, overlap requirements and resolution,
end the constraints imposed by illumination requirements, target
location, orbit parsmeters, film capacity, and time. For a given
target location, photomhy is limited by the requirenent of illum-
ination at phase angles between 50° and 75° for suitable contrasts,
and illumination levels within the exposure requirement dictated by
m-mmmmetl/as, 1/50 and 1/100 second. Area coverage
and overlap is goverued Dy the exposure sequencing rate, the mumber
of axposures made during passage over the target area, inclination

. —— . _SoEmwe

‘ NO. D2-100369-2
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JPHOTO SUBSYSTEM COMMAND LIST

Real Time

8tored, programed
Stored, programmed
Real Time

Real Time

Stored, programed
8tored, programmed
Stored, programmed

'~ 8tored, progremsed
! Stored, progremmed
Stored, programmed

v/a

Camera

Readout Klectronics
v/x

Readout Drive On
Readout Drive Off
Camera Shutter Adv.
Cut Bimat On
Horizontal Size, Inc.
Horizontal Size Dec.
LST Pocus, Inc.

IST Focus, Dec.
Photovideo Gain, Inc.
Photovideo Gain, Dec.
Wind Forwvard On
Solar Eclipse On
Solar Eclipse Off
Horizontal Center Inc.
Horizontal Center Dec.
Fast Camera Rate
Blow Camers Rate
Frame Count A

Frane Count Not A
Frame Count B

Frame Count Not B

Increase one step
Decrease one step
Increase one step
Decrease one step
Increase one step
Decrease one step

REV LTR_
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BAMLE 3.2.1-2 .

ake-up Real Contents

Camera Storage lLooper Contents
Readout Locper Contents
Shutter Operations, 2h-inch
Platen Operations

v/’ OB/OF?
Camera ON
Camera Progren Setting

Camera Shutter Setting

Bimat Clear

Bimat Take-up ‘
Bimat Cut -
Readout Electronics ON or Wind Forwvard ON
Readout Drive ON/OFP '
IST Pocus INC/DEC, or Photo Video Gain INC/DEC
Shutter Setting ADVANCE or Camers Rate FABT/SLOW
Camera Thermal Door OPEN
Canera Thermal Door CLOSED

10 Volt IC Converter Output
IST Cathode Current

Video Output Voltage

High Voltage Supply
Photamultiplier Voltage B\tpply
Lover -P5-Relative Humidity
Upper PS Redative Eumidity

P8 Pressure

V/H Ratio

V/E Sensor Temperature

N

-Camera Tempersture

Window Temperature

Processor Temperature

Dryer Temperature

Readout-Thermal rin riate Température
PS Eanviromment Temperature, Upper

PS Enviromnent Temperature, lower

Upper Shell Temperature

OK/OFF
ON/OFF
ON/OFF
0-11 voC
0-25 Micro Amp
0-5 VIC
0-21 K Volts
0-1100 Volts
h0-604
&0-60%
0-5 psia
0-0.06 Ips
§0%-140°F
#0%-100°F
40°-100°F
k09-100°F
ho°-1ho°r
30°-130°F
ko°-1ho°r

. 5o%-1409F

%0°-100°F

28
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3.2.1.3  Operstion Description (Cout.) o
‘ | of the arbit, latitude of the target, and the mumber of orbits allowd
odfurmmauuotthocrbhm. The nominal phetographic eove-

mmamm&wmcumunmLLL&

Potogrephy, pzo«uiu, unl readout must be scheduled for those
periods that 'tho spacecraft solar panels are illuminated because of
Abe lixttations on battery paver. In addition, readout is limited
umwmtmmumuwmmm
operetion of the oe-niutuuptnk i e
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30202' o
’ 3.!.2.1

J.a.2.1.1

3.2.2.1.2

3.2.2.1.3

3.2.2.2

Powver ten
Subsystem Punctional Description | PRI

Malieil} ]
Klectrical pover for the lunar Orbiter is provided by a solar panel-
battery system. During daytime the solar panels convert sufficient
solar power to supply the spacecraft loads, the powver subsystea
1osses, and charge the battery. During night time, and vhenever the

panels are oritnted svay fram the sun, the loads are supplied from

‘the battery. A simplified block diagrem of the subsystem is shown

i Figare 3.2.2+1.

Orbital Daytime Mode

When the solar array 1s 1lluminated, the maximm voltage at the out-
puts tus 1s limited by diverting excess pover into dissipative
d.-ﬁt. associated vith the shunt regulator. Sufficient powver is
provided to the charge controller to emable it to charge the battery
6% the maximum rate alloved by the battery tempersture and state of
eharge. Minimm voltage to all loads is determined by the solar
array voltage.

Orbital Right-time Mode

During arbital night-time the solar array, charge controller and
shunt regulator are inactive and the power output voltage is deter-
mined by the battery voltage. -

Power Distribution '.

Power for the actuation of the squibe is taken directly from the

battery terminals without going through the battery diode. All

other spacecraft loads are supplied through separaté pins on the
]

~ power cutput connector.

Compouant De-criztions

I .
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- 3.8.2.2.1

- d4ode 1solated circuits as follows:

~ |M) Oue oireutt contains 10k series connected wight cell modulss;

‘cell circult raises the potential of the solar array bus approxi-
~ mately 3 volts, and provides the current required to saturate the
"main pass trapsistor of the charge controller. Solar cell modules

and 25’°c, when 1llmminated with 139.6 nl/uz of air mass zero sun-

Solar Array

The Lunar Orbiter solar srray coniists of four mumpmi
structures, esch having & 13.1 square £0ot area upon vhich are mount-
ed 2714, 2¢m x 2cm, N-on-P silicon solar cells. Mach panel has ﬁ.v-

() Three circuits consist of 104 series counected six cell modules;
the ¢ells within a -oduh being connected in parallsl.

, the eslls vithin a module again comnected in parallel.

(¢) One eircuit, the suxiliary solar cell patch, consists of 10
solar cells connected in series. |

The four module circuits on each panel are connected in parallel and

the resultant spacecraft main array is then comprised of 104 solar

eells connected both in series and parallel. The auxiliary solar

have blue reflecting filters and are 9.5% efficient at 0.46 volts

1ght.

The total srray weight, including the panel structures bdbut excluding
stowvege hardware, 1.e., actuating bracket, stowage drackets, pin
pullers, eta., is 54.2 pounds. Stowage hardware weight varies fram

3.50 pounds to .96 pounds per panel depending on the panel, the
total veight is 16.32 pounds, (including actuators). ‘

3-20202.2 Stoggg mtw Sl
| mh‘lzﬂnmhstoredtorgi’zht-unemoinumceulz“
. .. ampere-hour, niekel-cadmium battcr,y.” The battery consists of twq
)
US40rs-1000
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32:2.2:2

3.'2 2.2.3

3.2.2,2.4

) operating om the charging current and charging voltage. Under normal

m 3.2.2-2, The charge controller box also contains current

. mthmuh@mumltmniumdpomtmthenm‘

Storage Bat Cont.
1dentical ten-cell battery modules, the envelope 'tm' one module bel.na’ :
7.5" x 6.2" x 6.25" high. The total battery weight is 29.96 pounds.
Charge rate is determined by cell temperature and state. of charges.
Coarge Controller

The purpose of the charge controller is to protect the battery from
over-eurrent, Gver-voltage end over-temperature conditions while 1%
1s being re-charged. ' It does this by monitoring battery charge
eurrent, dattery temperature and battery términal voltage, and

eonditions the maximm charging current is limited to 2.85 +0.15
saps; however, should the battery temperature exceed 125° +5°F, the
eharging eurrent is limited to 0.3 + 0.1 amps. In addition to the’
above controls, the voltage to vhich the battery msy be charged is
limited as & function of battery temperature in the manner shown in

telametry eircuitry comprising current-to-voltage transducers and
& 1 XC inverter. '

v .

The charge contreller eavelope is 5.12" x 5.Uh" x 6.62" high and
the weight is 4.09 pounds.

Shunt Regulator |

The purpose of the shunt regulator is to limitfthe solar array bus
voltage to s maximm of 31.0 volts. It does this by sensing the sub}
system output voltage and vhen'thh tends to exceed the upper limit,
the regulator turns on and by-passes & sufficient amount of array

arrsy current-voltage characteristic.

R —— . BOEING | NOTR-100369-2 >
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3.2.2.2.4

3.2.2.3

Suunt Regulator (Cont.)

Tvo suxiliary regulators are included in the shunt regulator elec-
tronic box, beth provide a closely regulated 20 volt d.c. output.
Coe regulator supplies the temparature and voltage telemetry
eircuitry, the other supplies the charge controller voltage and

tespersture sensing circuits, and the current taleiotry inverter.

<o

The shunt regulator control circuitry and the auxiliary regulators
are contained in the shunt regulator electronic box which has an
eavelope 5.25" x 3.73" x 7.6" high. The veight of the box is 2.3
pounds. The shunt regulator pover transistor asseably isjinstalled
on the outboard face 6f the equipment mounting deck tdnpﬁr ring.
e trln.:lotor cases will be locking at space in & direction radial-

1y cutwvard in & plane parsllel to the deployed solar panels. The
- dimensions of the assembly are 22.9" x 6.5%, radius of curvature

20.82", snd the weight of the assemdbly is 1.12 pounds.

e exitter resistor assamdbly is fastened to the tank deck and

eccuples & space sppreximataly 15.76" long x 4.6" wide x G.75"

: high. The weight of the emitter resistor assemdbly is 0.48 pounds.

The pover resistor assemdbly is mounted on the omni antenns boom and
is approximately 20" long x 10" wide. Its veight is 1.Th pounds

Instrumentation

‘The pover subsystem includes sensors and circuitry to provide

signals for instrumentation of the peremeters in Table 3.2.2-1.
[
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3.2-2?3_

Instruentation (cont.)

TABLE 3.2.2-1
POVER SUBSYSTIM INSTSUMENTATION
Measurement
Panel Temperature (one per panel 400‘!":0:2505 ?;m.
w Total Current | 0 « 15 emps 4.c. +2% at 25%
Array Voltage (Subsystem Voltage) 0 - M0 volts d.c.  +1%
Pattery Teuperature (ene per Module) +20° to 135°F + 2%
~ Pattery Current ~«7.5 to +T.5 emps  +2% at 25°C
Dattery Voltage 0 % 30 velts d.c. + 1%
D. . Subsystem Load Current 0 - 15 aaps d.c. +2% at 25°
Saant Regulator Current 0 - 15 amps d.c.  +2% at 25°C
Anxiliary Regulator Voltage Supplies 0 - 25 velts d.c. +14
3.2.2.h Performance
3.2.2.0.1  Output Voltage
Mhen the array is 1lluminsted and oriented within + 5° of the normal
%0 the sun’s rays, the steady state d.c. output voltage vill not be
less than 26.6 volts nor more than 31.0 volts. A necessary conditio
is that the pover demand on the solar array should not exceed 185
watts during the first 0.7 hours of the daylight period of the fipal
lunar orbit. When the spacecraft is Nsing battery power the steady
state d.a. output voltage will not be less than 22.0 volts nor more
than 27.0 velts. VWhen the subsystem is providing the power for
squidb loads, the ougm voltage vill not fall belovw 21.5 volts. The
veltage between the power output cmn;ctor pins \;sed to supply the
squid loeds and the spacecraft single point structure ground will
pot be less than 22.0 volts nor more than 27.7 volts vhen the sub-
system 1s providing the povufto,.mq squid 2oads. .
\
. Va-ari-i0ee
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3.2.3
3.2.3.1

acquisition are 103.2 wvatts. This gives a 59% depth of discharge,

'1cad in Lunar orbit is 235.5 watts during the readout mode, vith I -

Output Powver

The solar array output pover, as a function of solar array temper-
ature, at the end of a thirty day lunar orbit mission is given in
HMgure 3.2.2-3.' The estimated solar array output at the end of »
tirty day photographic mission, under worst case conditions, is
shown 1in Figure 3.2.2-h. The variations in the solar array output
are dus to the variations in the array temperature as it orbits the
moon. The array output is lovest vhen the array is hottest, this
eceurs vhen the spacecraft is over the subsolar point. 7Thus, changed
4n orbit will change the shape of the curve shown in Figure 3.2.2-h,

At present requirement is that the dbattery depth of discharge during
the boost and translunar phases of the mission not exceed 60% and
while in lunar orbit the depth of discharge shall not exceed 40%.
Iatest estimates of the spacecraft loads during launch through sun

assuming the maximum time from launch to sun acquisition is 1.5 5
hours. The present estimate of the maximm continucus spacecraft

117.7 wvatts during crbital night time. Assuming a maximm night
time period of 0.9 hours, this gives s maximum battery depth of
dlseharge in lunar ordit ef 39.84.

Communications Subsystem

Introduction

The Luner Orbiyer communication subsystem is an S-band system com-
patidle wvith the existing DSIF network. The camuz;ication subsystem
1d designed to provide the follewing capabilities:

1) Receive, decode, and verify cozmand messages.

2) Transwit spscecraft perfermance dats, lusar emviromaental data,

U400

] Wc data.
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3.2.3.2 Descripticn _
S . the communication subsystem of the Lunar Orbiter, Figure 3.2.3-1, hag
bod designed to transmit to the DSIF stations performance telemetry
(1), photographic pictures (video), and ranging informstion. In
order t0 pexmit the transuission of this data, four separate com-
mmication subsystems were incorporated into Lunar Orbiter. .
W 1) Perfermance telemetry subsystem
2) Photogrephic dats subsystem o
3) Ranging subsystem '
| b) Command subsystem _
The command subsystem is an up-link system and 1s required in order
to command and control the spacecraft from the ground. The date
. transuission frem the spacecraft is grouped into three data or
modulation modes: .
Mode 1  Ranging end/or ™ ’
Node 2 Video and I
Mode3  Dlonly
\ .
Us-a071-0000

_'_‘3.2.371- -Introduction ‘mnt.l

3) Gperate in tvo transmitting power modes - lov pover mode during
© scquisition, trecking, renging, and telemetry data transaission;

&  and a high pover mode during yhotogrsphic data transaissioca

§) Provide by ground command the ability to selsct the spacecreft
tranmaitting power mode and tomrn transmitting system on and
off. '

The comunication subsystems are designed to provide a 6 db safety

margin in received signal strength at the DSIF stations for all

1inks.
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3.2;3.é | Description (Cont.
o ‘A discrets caxmand is required to select a particular modulation
mode. For standard cpcratiné procedures tho selection of a par- |
ticular modulation mode sutomatically selects the desired trans-
mitter pover and antenna.

3.2.3.2.1  Perfomance Telemetry
"~ Data necessary to indicate the -'utus of the spacecraft camponents
and subsystem operation is provided by performance telemstry. The
_ lpuoentt performance telemetry system consists of & single 1152
bit digital freme wvhich is transmitted to earth at 50 bits per
second (bps). The S5O bps data is differentially coded (NRZ) and
diphase (PSK) modulated upon a 30 KC subcarrier. This subcarrier
ia turn is phase modulated upon the 2295 MC S-band carrier.

The analog word length is 9 bits; 8 bits are used for the anslog
data vith the ninth bit being the campliment of the eighth bit.

~ This provides a change in level at lnlltcvery9b1fl and will

~ assure bit synchronization in.tho receiving ground equipment. The
1152 bit freme consists of 120 separate 9 bit words.

Analog information from the transducers is sampled by the analog
multiplexer at the appropriate time and is presented to the analog-
to-digital (A/D) coverter for aigitalization (ecoded in binary form).

. This digital signal is then inserted into the 1152 bit telemetry
frame. . Digital information derived directly from digital sources
(not requiring storege) is sampled by the digital multiplexer and
directly inserted into the frame. Freme synchronization is obtained
by correlating a io3 bit legendre code (inserted within the frame)
while bit and phese synchronization are extracted from the 30 kcps

\ signal. h

a0
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302 63 2.1

3.2.3.2.2

Photographic Data Tranamission (Video)

‘un.nkhgmllumdthenpauesthrm@ndctoamkcﬁlm.. The

" earrier before phase modulating the 2295 mc carrier. At the receiver

| | (IWTh) ‘end high gain(23.5 db) antenna.

Performance Telemetry gcont.[ '

The teleneiry system has the capability of transmitting continuously,
either separstely or simultaneously vith the ha@ug or video signals.

he Mﬁon' method tdr the photographic data transmission uses a
vestigial eide-band AM subcarrier vhich in turn phase modulates the
carrier. This Mt d.c. response and maintains the maximum pﬁnu
davistion of the carrier belov b radians. This is sccomplished as
follovs: ' '

The video signal from the scanner is mixed with synchronization and

dc %0 230 k¢ band of signals is then translated, using a balanced
(doubls sideband suppressed carrier) modulator and & 310 ke carrier
to the 80 ke to 390 ke band. The resultant double sideband signal is
then passed through a vestigial sideband filter that has 6 db attenu-
stion at 310 ke. This band of frequencies 1s then mixed vith the 30
ke telemetry subcarrier and a coherently derived 38.75 ke pilot

the 50 mc I.F. signal is taken through a frequency coupnliion feed-
back demodulator (FMFB) and'a 0 to 390 kc lov pass filter. Three
band pass filters then separate out the 30 kc telemetry subcarrier,
and the 38.75 kc cargi&r is multiplied by 8 resulting in a coherent
310 ke signal vhich is used to translate the 80 kc to 390 kc¢ band
back dovn to the original O to 230 ke band. .

The wide band width (3-1/3mc) of the transmitted video signal requires|
the use of the high power (10 watt) traveling wave tube amplifier

'

e | R0
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3.2.3.2.3  Bangiog Subsystem
| L 'hnmgcto‘thcmeoeuttiu'mmdw“ugm'mnynm-
(fl)'nnge code system. The system is intended primarily for
operation vhile n:.mrorbu\muyuuoamutna translunar
~ trejectory period.

The peeuto-rendom code bits are synchroncusly detected at the output
of the wids band nannr in the spacecraft transponder and remod-
" . ulated onto the don link carrier for tranmission to earth. At the
ISIP site the code bits are again synchronously dstected in the 10 me
wide band detector. The output from this detector is then fed to the
range codn eorrelator vhere the ml transaission time %‘ determined .
teo an ntintod accuracy of + O.l:picroseconds (+ 15 netor-) A dis-
cntemnil’requindtom“ndfemortthe ranging system.
3.2.3.2.h Command Subsystem

The spacecraft receiver is required for cduu.nd reception. The com-
mand system receives and stores in a command decoder a 26 bit digital
vord, retransmits the stored word via the telemetry system for ground

) muﬁm, and provides a coomand signals to the various sub-
systems. The command decoder is & modified nnit from the Relay
satellite and consists of two parallel redundant decoders operated

* by various combinations of multitone signals. Four tones (discrete
mbearrier frequencies) plus the FSK command signal are required to
operats the system. Two of these tones, desigz;nted the enable tones,
are required to select the desired decoder vhile the other two tones,
called the execute tonei , are used to transfer the commands (once they

_ have been verified) from the decoder inﬁo the programmer. The simul-

taneous occurrence of both enable tomi selects the programmer re-

dundancy mode vhile the absence of the tones clears the decoders:

v

. mzamfi“‘* 12-100369-2
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3.,2,3.3 . Su’bantu Specifications
lov Gain Antenna
Cain
Beamvidth

8idelobe suppression
Polarization
Operating frequency

Impedance
- VOWR

' Right hand circular with axial

O & nominal in XZ plane
-6 &b, + 60°, from XZ plane (cdv-

erage in excess of 95% of radiation
sphere) .

ratio of 1.59 or less within the 3
dd beaawvidth

Deployadls booa upon command

22°5 + 5 me, transmit
2115 + 5 me, receive

50 ohm nominal

1.6 to0 1 during transmit mode
3.0 to 1 during receive mode

Biconical horm
82 inches long

423.5 db mininmum at spacecraft
intexrface

10 degrees s0lid angle minimm,
Jsentered to + 1 degree of mechan-

ical boresight of the antenna as
measured at spacecraft interface

Circular parabolic dish 111uminated,
by crossed dipole feed

At least 15 db below main bean
maximm

Right hand circular with axial
ratio of 1.59 or less within the 10
degree beanwidth
2295 + Sme
50 olms nominal

1.3 to 1 over operating frequency




3-203-3f° Ebm t‘l 8pec meauou ‘mt-!

Steering ) ‘ Can be steered about boom axis in 1
: _ . degree increments by ground command
Mounting Deployable boam steersble 360 de-

grees about the boom axis capable

of being preset + 5% avout both
roll and yav axis.

' ‘Pcunﬁnc loss . 0.2 gyro limit cycle (.tum'
. ~ ecatrel)
Eunggonder .
Receiver sensitivity 159 dim
Receiver frequency bend 25+ S me
~ Output power + 26 &m (400 mv)
Treacking loop noise bandwidth 2By, = 100 cps
Duplexer .
. @« Type - Cosxial " 0.5 &
| b. Insertion iou 0.5 &

! nu'cetioml_'cmpm
| . Type - coaxial
b. Insertion loss 0.5 d

e¢. Coupling Pigure 16 + 1 & (10 mw to TWTA)
4. Directivity 25 &

Modulation Modes

Carrier and Ranges Tracking (2-way) linkS...cccceocececsccsce PN
Performance telemetry 1inK....cceseeesso..PSE(diphase)/PM
Fhotographic data (video) link......Vestigial sideband (AM)/PM
Command data nnk.m/m

3.2.k | Attitude Control Subsystem
3.2.4.1 Functions ) | '
The functions of the Attitude Control Subsystem are to: .

A R NO, m-i00369'2
o | b8




342,81 = Punctions (Cont.) |
e Acqﬁrc and paintain en inertially fixed reference attitude during
the ecoast and pichu"o readout phases of the mission as required by
| thermal coatrol, solaxr pover and the high gain antenna. The in-
ertial reference during the 30-4@ Photographic Mission shall be
established by & line to the sun and a line to Canopus. The
inertial reference during the subsequent Extended Mission shall be
established by & line to the sun only.

'b. Pejform attitude mancuvers to acquire and maintain attituds re-

) | quired for velocity control aﬁustmnts for midcourse correction,

- ¢¥3 orbit injection and orbit transfer. Re-scquire initial reference

: attitude subsequent to velocity adjustment.

. @+ Perform attitude maneuvers to acquire and maintain attitude re-
quired for photography, including sttitude sdjustment for image
motion compensation. lﬁ-ccquiro initial reference attituds sudb-

- sequent to photography.
d. Compute spacecraft velocity changes from the measurement of -
o acceleration during engine firing.
" @ Initiate all spacecraft events either by stored program commands
" or earth generated commands received via the communication sub-
system.
£. Provide spacecraft time to the photo subsystem, and timing ref-
mqitor the communication subsystem.
8§+ Provide telemetry data to identify spacecraft attitude, velocity,
time, and stored program status. )

3.2.h.2 Description |

. The major elements of the ACS (attitude control SVB system) are the

flight Electronics control assemdly, the Inertial Reference Unit,‘Sun

”’"\\ | _BOENG | 1R-100369-2
| | %
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3.2.8.2.1

3.2.0.2.1.1

m&t&u !&mt. !

iunn. Star Trecker, Svitching Assemdly, Thrust Vector Control,
Beaction Control which includes Ny gas supply and Plusbing and
Wrweters. Tigure 3.2.0-1 1s & bleck diagram vhich shovs the over-
all arrengement and signal flov. ' |
Tight Electronics Control Astb;‘! '

The Flight Xlectronics Coatrol M.un\l,y contains the programmer and
slased 1s0p elsctrentes.

Programer

The Programser 1s & lov speed digital data processing machine vith
21 dits, serially reed and vith random sccess to the memory. It has
328 words. It eontrols 86 plus discrete functions. It has redundant
‘cloeh'vavidina timing in 0.1 second increments up to 29.1 hours.
Cleck stability is .0001% for 8 hours. It can provide at least 16
hours of control over a photographic mission fram stored progrmn.
scsmands. Maneuvers up to 360° (in increments as small as 0.011°)
end velocity changes up to 3000 feet per second (in increments as
mall as 0.1 YPS) are provided by 15 bit registers. The progravaing
ovw ﬂfgru 1s 11lustrated by Pigure 3.2.4-2. It has boen designed
0 bhave programming versatility to handle mission changes as well as
subsystem eontrol changes. It has been organizdd to opernte nomalﬂr
in the stored program mode to accomplish the primary photo misaion
odbjectives and to utilize real time coumand mode as & mission dback-
wp asd for suxiliery functions.

The Programmer will proceed with the execution of a stored progrsm,
Wringing commands sequentially from memory, campleting them and
eontinuing vith a "compare time to next event”. The stored progrem
mast be p‘rlodieally updated by ground eontrol to maintain mission
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3.2.4.2.1.1

3.2.5.2.1.2

3.2.4.2.2

"3.2.5.2.3

3020.’02b~'

‘fhe Closed Loop Electronics is contained within the Flight mectronic.ﬂ

‘ The 8un IBennora provids a celestial reference for the pitch and yaw

Programmer (Cont.)

continuity and validity.
Closed Electronics

Control Assembly. It contains the reaction jet valve drivers, signal
suming smplifiers and limiters, sun sensor amplifiers and limiters,
thrust vector control signal smplifiers and compensation networks,
reaction control compensation networks, slev signal generators,
svitching functions, and signal conditioning for certain telemetry
¢hannels. |

Sun Sensor

axes by providing an output signal to the Closed loop Electronics
indicative of the angular deviation from the line to the sun. Remote
aft looking coarse eyes complete the spherical field of view coverage
as {llustrated in Pigure 3.2.4-3.

Star Tracker

The Star Tracker provides &:celestial reference for the roll axis dy
locking onto and tracking the star Canopus. It provides an output
signal preportional to the angular deviation in roll of the line of
sight to the star vhen it is in the tracker field of view. It also
generates a recognition signal and a star intensity signal for trans-
ﬂll.ion by telemetry to the‘ ground for use in construction of a star
map. A schematic of the tracker is shown in Figure 3.2.h-U4.

~

Inertial Reference Unit (IRU)

The IRU senses attitude rates about the three control axes by means of
three "strapped down", flosted, rate integrating gyros. The operating
mode for each gyro is selectable independently and may be either rate

~..  _SOEING "NO. D2-100369~2
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§PAR TRACKER SCHEMATIC ' .
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3.2.0.2.0

- 3.2.02.5

3.2.4.2.6

3.2.“.3

»—mm Reference Unit ‘IRU] QCOnt.!

. independently selectable. This 1s a limit cycle operation of the

mods o Tate integrating mode. The IRU also provides for the measure-
ment of velocity change by integrsting the output of a linear acceler-
ameter. It also provides telemetry information for transaission to
the ground. A schematic of the IRU is shown in Figure 3.2.h-5.
Reaction Control

The ccntrol torques in roll, pitch, and yav are provided by reaction
ocoutrol thrusters. A schematic diagrem of the thruster arrangement
and pertinent control data is contained in Figure 3.2.4-6. A plumb-
mg' system provides the distribution of pressure regulated nitrogen
gas to ths thrusters. -mnggn is stored in a supply tank and is
used for the Attitude Control Subsystem and the Velocity Control
system. A breakdowvn of the K, gas supply budget is contained in
Table 3.2.4-1.

Thrust Vector Control

Control of pitch and yaw is provided by gimballing the engine mount-
ing ring with electronic servo actuators during engine firing. The
actuators are energized simultanecusly with the engine control valves,
Actuator position is provided st that time for telemetry.

Operating Modes '

Seyeral modss of control are proﬁded in order to accomplish the

various phases of the mission.

ceh-m'nom modes uses the outputs of the sun sensor and star
tracker to maintain a reference orientation. The rate integrating
gyros cperating in the rate mode provide damping. " "Sach sensor is

reaction contraol system.

' M]INO. 12-100369-2
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TABLE 3.2.4-1

VELOCITY ARD REACTION CORTROL
NITROGEN GAS REQUIREMENTS

RITROGEN WEIGHT _ |

MISSION PHASE TTEM TOTAL
Photo hic Mission
1 tial Mission 22
2 Translunar Coast .06
Midcourse Maneuvers
2 ; 1st Midcourse Jdb
b) 2nd Midcourse .18
b Initial Oxbit Injection b
5 Final Orbit Transfer 09
6) Photo Maneuvers (12) 1.19
7) Photo Transmission (10 days) .68
8) . Lunar Orbvit Coast (17 days) 22
9) - Celestial Reacquisition .84
10) Disturbances 1k
11) R/C Cross Coupling .20
Photo Mission Total h.00
Extended Mission
Lunar Orbit Coast 1.79
Celestial Reacquisition .56
Disturbances 1.48
R/C Cross Coupling .19
Extended Mission Total h.O2
Reserve 1.98
Total Nitrogen Budget, Reaction System 10.00
Velocity Control Subsystem
51; Propellant Expulsion 3.84
2 Reserve 16
Yelocity Control Total ' k.00
Cambined Systeme
?.; 49
Beﬂim1 09
Total Nitrogen for Combined Reaction and .
Velocity Control 14k.58

— e SN m I NO, m-100369—2
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3.2.k.3

3.2.“0‘

Operating Modes ‘met. 2

Inertial Hold modes uses the rate integrating mode of the gyro to
obtain position information. A lead-lag network is used to develop
rate information for stabilization of the vehicle using reaction con-

ol tarusters and 1s & limit cycle operation of the system. Addi-

Alonal lead-lag netvorks are used for stabilization during povered
flight vhen pItch and ysv signals are applied to the thrust vector
control (IVE) actuators.

~ Constant Rnté-odams.‘m integrating gyro in its rate mode to ob-

tain rete information for oontrol through the reaction control
ﬁ:utcrn.- When & maneuver is desired, a vshw signal is sumsed with
the gy10 rate signal and reaction control rotates the spacecraft one
axis at & time at a constant rate. The rate signal can be integrated
by the programmer to obtain a specified change in attitude. The rate
mode may also be ul.acte&vithwtt slevw command and u spacecraft
rates controlled to less than an amount determined by the deadband
salsction. The options available are illustrated in Figure 3.2.4=7
‘and 3.2.4-8. : |

Yelocity Correction mode is used to perform velocity corrections and

changes required by the mission for midcourse, injection, and correc-
tien mansuvers. The attitude control system is operated in the .
Inertial Hold mode, as above, Rqll control is obtained by the roll
thrusters of the reaction ccntroi system.

Mission Phases

In erder to illustrate the operational capability of the attitude

control system, & typical mission sequence is described as follows.

.‘_;_,,-,_ - e m I NO. 12-100369-2
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SIITCH LINE OPTIONS = LIMIT CYCLE MODE
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3.2.h4.1

3.2 .3.5.2

. mands from the programmer which déploy the solar panels and antennas,

3.2.3-5.3

‘4n order to ascertain the acquisition of the star Canopus. The star

Isunch |
The attitude control system is electrically activated from pre-launch.
The gyros are held in the rate mode by an occultation inhibit command
from the programmer, the deadband selection 1s + 2° and the squid
valves seal off the nitrogen supply from the reaction control system.

Initial Sun Acquisition

The occultation'inkibit signal remains until removed by a real time
coamand from the ground. Bun acquisition follows a sequence of com-

and fires ths nitrogen squid valves vwhich activates the reaction
system. ‘The programmer selects the narrow (+.2°) deadband slong with
the coarse sun sensors vhich provide total spherical coverage, and
the sun is cugomtieully acquired within .20 minutes. No roll position
Teference is used until after the Star Tracker is to be energized, 6
or more hours after injection wvhich avoids operation in the Van Allen
bDelts. Roll rate is constrained to less than .05°/sec, if the parxov
deadband 1s selected. '
Canopus Acquisition )

This phase of the mission requires continuous monitoring by the g,xwo\mdI

tracker is turnsd on by the programmer. A 360° roll maneuver is
commanded by the ground for the purpose of obtaining a star map
via the telemetry link. The sequence of events is shown in Figure
3.2.4-9. The random roll attitude is retained by the inertial hold
mode until the groun personnel identify the star u‘xd the proper
magnitude meneuver to bring the star within the tracker field of
view. m. sequence is completed by a real time command from the
ground. m spacecraft continues to operate in the limit cyclf

T~ _zamz} Mo D2-100369-2
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3.2.4.5.3

’

3.2.h.0.0

'_nn'.m.qur'h svitched on and the coarse sun sensors off in

‘preparation. for precise attitude BADEUVETS .

" A wait time of 51.2 seconds is provided to allow settling to the
4e first switched to inertial hold mode, the pitch gyro to the rate

_mer issues a "cowmand dqne" at vhich time the gyro is switched to the

inertial hold mode. If a subsequent yaw maneuver is required, it

Canopus Acquisition (Cont.)

mode until further instructions are received from the ground.
Velocity Change Attitu&e Maneuv‘er |

mﬁ-mr sequence and velocity change magnitudes desired are
trensaitted from the ground, verified, and stored in the programmer
for sxecution at some later time. The velocity change engine is pre-
pared for activation by a sequence from the programmer, vhich includea
bleeding the lines and finally blowing the propellant squibe. The

The attitule meneuver 1s initiated from the narrov (.2°) deadband in
all axes. Ususlly the first maneuver is a roll about the sun line.
A roll slev command is switched to the reaction control system, the
roll gyro is switched to the rate mode, the output is integrated by
counting the pulses from the voltage-to-frequency converter. Upon
receipt of a "command done” from the programer when the maneuver
magnitude equals the number stored in the meneuver register, the
&yro is svitched to Inertial .Kold and the slev signal removed.

1limit cycle before initiating the second maneuver of the sequence,

wvhich could be a piteh or yaw. For @ pitch maneuver, the yaw gyro

mode, @ slew signal is switched to the reactiom control system and

the spacecraft pitches at constant rate, .5°/sec, Until the program-

follows in a -mm manner.

e,




3.2.h.0.0

3.2.h.0.5

Velocity Change Attitude Maneuver (Cont.)

When the "compare time to next svent" coincides with the velocity
change gounnd, the engine valves are turned on, the spacecraft accel-
eration is integrated by countins down the pulses from programser
register until the velocity change desired is obtained. The "command |
done” signal from the programmer turns off the engine thru the svitch-
ing assembly.. Attitude 1is controlled thru the thrust vector control
system vhile the engine is firing and is illustrated by Figure
3.2.h=10,

Upon completion of the velocity change, the programmer.commands the
reverse sttitude maneuver sequence thru the same angles as initially
oommanded. Upon campletion of the last maneuver, the spacecrsft re-
acquires the Sun and Canopus and the gyros are switched back to the
rate mods. The limit cycle deadbands are controlled Yy real time com-
mands fros the ground thru the programmer. The spacecraft .then eon-
timies vith "compare time to next event” in the programmer.

The velocity change maneuvers differ only in magnitudes of attitude
and nl.oeify change for midcourse corrections, lunar ordit injection,
and orbit transfer st the noon.

Upon completion of all ﬁlocity change maneuvers, the Np pressurant

shut-off squid is fired by the programmer thru the switching assembdly.

Lunar Orbit Coast

Attituds control ly-ten. operation vhile in lunar drbit proceeds in a
similar manner as during the h-cmslmr phase with one important
axception. Occultation of the Sun and Canopus by the Moon can be

expected to occur each orbit. Absence of either the "Bun present” or

"Canopus present” sigual switches the sppropriate gvro to inertial |

w ) . T . ' M l NO. m'100369'2v
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3.2.4.4.5  lunar Orbit Coast (Cont.)
hold mode until the celestisl reference is again present later in the
orbit. The "present” signals sutcmstically switch the sun and
' canopus sensor signals back into the resction control system and the
gyros to the rate mode. |

3.2.4.8.6  Photography Maneuver |
. The proper nqu.enco and magnitude of maneuvers to obtain photos of
the desired targets are 'w in the programmer for execution at
the required time. The maneuver sequence proceeds in the same manner
as for a velocity change attitude maneuver vith an added step which
permits the yav channel of the attitude control system to accépt a
erab angle sigmel from the camera.- Upon completion of the yaw
maneuver camanded by the programmer, yav control is switched to the
Y/K sensor crab angle signal and aliowed 51.2 seconds to acquire.
‘Then the yawv gyro is swvitched to inertial hold mode while the camera
takes the photos. The reverse attituds maneuver sequence of yaw,

"~ pitch and roll is accalpnshefl with subsequent reacquisition of the
| sun and Canopus. The system continues to operate in the limit cyecle
mode with the deadband selected by ground command for the remainder
of the photo and resdout phases of the mission. Figure 3.2.k-11

1llustrates the photo mode yawv control.

REV LTR , | —BOEING | MO R-100355-2




s

.7* oT3uY qexy TYRITN a«
PT°H TeTrouy -
™8tg oT3uy qurd

 atiadi gl R R

. !
(opoR uOPITEod) nAY .l
. . 4
e30p | o
i !

PoEmen wn w s > - G - o

69

DR-100369-2

.m} .




3.2.4.5.7 Extended Life
Upon completion of the photo mission period (30 days) the extended
1ife configuration of the attitude control system is selected by
ground comand. Since the star tracker field of view is only 16°
in yav, and the excursion of the line of sight to Canopus may
exceed this after 30 days (depending on time of year) the star
tracksr is turned off and the roll gyro svitched to the inertial hold
mode. The spacecraft continues to limit cycle t 2° in roll for the
remainder of the mission without a celestial reference. Also, to
‘conserve nitrogen gas, the pitch and yaw fine sun sensors are
switched off and the coarse sensors only switched on. This serves
to widen the pitch and yaw deadbands to t 12° while in the sun.
Vhen the sun 1s "not present” the inertial hold mode is sutomatically
selected vhich also confines the spacecraft to + 2° limit cycle for
that portion of the orbit. The options available are illustrated by
Flgure 3.2.4-8. As an alternate mode of operation, roll control may
be switched to the constant rate mode while the itar tracker is off
by supplying & false "canopus present” signal from the programmer.

This alternate may be advantageous with respect to nitrogen consumption

3.2.9 Velocity Control Subsystem

3.2.5.1  Punction |
After injection into the translunar trajectory by the Atlas/Agena
launch vehicle, all spacecraft velocity change requirements will be
furnished by the Velocity Control Subsystem. The'nominal mission
profile requires .that up to four velocity change maneuvers be accom-
plished prior to attaining the final lunar orbit. In addition, it is

desirable that additional maneuvers be possible, 1if needed, to modify

-

the final arhit. The nominal migssion maneuvers are:

T .zaﬂza_l no._DR-100369-2
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3.2.5.1  Junction (Cont.)
Midcourse maneuver for trajactory refinement; one or tvo maneuvers

are pianned.

¢

Lunar orbit injection maneuver to place the spacecraft in a lunar
orbit wvhose apolune is -pprbxintoly 1850 xm and whose perilune is
spproximately 250 knm.
An ordit ti‘anifer maneuver to place the spacecraft into its final
orbit for photographic reconnaissance. The orbit shall have an
apolune of lppromiutcl,r 1850 kn and & perilune of approximately
A6 n.
3.2.5.2  Design Requirements
Accomplishment of the basic spacecraft miseion imposes certain design
requirements on the Velocity Control Subsystem. These requirements are
summarized as follows:
¢ Operate and be storable in a space environment ®r up to 18 days.
; Provide a nominal total impulae capability of 73,000 lb-sec.
’ ¢ Possess @ minimum capability of:'
| s Pour engine cperating cycles.
¢ T10 seconds of operation,
o Up to 614 seconds of operation in a single firing cycle.
As with any other spacecraft system, the Velocity Control Subsystem
shall have high reliability and minimum weight. Target goals for the
VCS are a reliability of 0.9926 and a weight (including propellants)
of 324 1lvs.

3.2.5.3 Subsystem Description

The design requirement for high reliability and the minimum program
time from concept to flight dictate the employment of existing con-

~ cepts -and hardvare vherever possible. This, together with the require-

: - —BEENG | "> 12-100369-2
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- 3.2.5.3

3.2.5.h

_ operation and/or test and checkout. Squib-actuated isolation valves

maintain pressurization and propellant system integrity prior to ini-

Subsystem Description (conmt.)
mants for relatively high performance and space storadbility, led to the

selaction of a storabls, bipropellant hypergolic propellant combination

The Velocity Control Subsystem employs nitrogen tetroxide as the
oxidizer and Aerozine-50 {a 50-50 blend, by weight, of hydrazine and
unsymmetrical dimethylhydrazine) as the fuel. The fuel and oxidizer
are contained in two propellant tanks each to minimize movement of the
spacecraft centsr of gravity. The propellants are positively expelled
from their respective tanks by unheated gasaocus nitrogen acting upon
teflon bladders within the tanks. The nitrogen is stored in a
titanium vessel at an initial pressure of 3500 psia; a pressure regu-
lator reduces the supply pressurs to the desired propellant tank pres-
sure. The rockst engine i{s a 100 lbs. thrust, pressure-fed, radiation
cooled engine that has been developed for the Apollo program (Service
Module and LEM M’..tituda control). The engine 18 mounted in 2-axis
ginbals, and electromechanical actuators provide thrust vector
directional control during engine operation (pitch and yaw control;.
roll control is maintained by the Attitude Control Subsystam nitrogen
thrusters). | Figure 3.2.5-1 shows the schematic arrangement of the
various VC3 components. As shown, the system also includes several

valves, filters, orifices, and test points that are required for

tial operation..
Subsystem Operation
After spacecraft separstion from the Agena, dual squib-actuated nitro-

gen isclation valves are opened. This operation admits high pressure

-
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L SUBSYSTEM SCHEMATIC

SOURCE CONTROL DWG,

SUPPLIER

e

CQMPONENT Y PROGRAM -
1 STORAGE BOTTLE 1)  25-5099W Boeing ‘
2 N FILL VALVE 1) 10-72026-1, <2 Firevel
. 2 CROUND CHECKOUT 1) 10-72026-1, 2 Firevel
PRESSURE SENSCR i 10-72004-3 Fairchild Gemini
3 N, SQIB VALVE 2) 10-72017-1 OFA ~ :
6 N, FILTER 1) 10-T72018-1 Vacco Valve Appollo LEM
g PRESSURE REGULATOR 1) 10-70057-1 National Waterlift Geming
QUAD CHECK VALVE -{2) . 10-T2016-1, -2 APCO Apollo 84
9 PRESSURE SENSOR 2) 10-72004-2 Fairchild Gemini
10 RELIEF VALVE 2) 10-72023-1 Calmec Apollo M
11 TEST AND VENT VALVE 2) 10-T72026-1, -2 Firevel
12" 50/50 TANK 2) 10-70055-1 g Bell Aercaystems ° Apollq OM
13  N_0), TANK 2) 10-70056-1 Bell Aercsystens ApollngM
L 53/?0 FILL VALVE 1) 10-72021-1, -2 J. C. Carter Apallo O
15 N,0, FILL VALVE (1) 10-72021-k4, -8 J. C. Carter Apollo ON.
16 PROPELLANT SQUIB VALVE(4} 10-72019-1 OEA - :
1T  PROPELLANT FILTER 2 10-7202k-1 Vacco Valve .
18 TmMIM RIFICE 2 . . ‘
19 ENGINE 1) 10-70054.1 - Marquardt Apollo &N
20 GROUND CHECKOUT 1) 10-72026-1, -2 Firevel
2l  TEMPERATURE SENSOR 1) 10-72005-2 Gulton’ ! Nimbus
2 s surory VALVE  (2) 10-72071-1 . . ORA
. 'm 3-205"1
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3.2.5.8  Bubsystem Operation (Cout.)

30205.’

nitrogen into the system, thereby pressurizing the prﬁpelhnt ‘tanks
and providing & source for the attitude comtrol thrusters. A short
tims prior to the first midcourse maneuver the squidb-operated pro-

pellant isolation valves are opened and jropel.lnnt flows down to the
engine solenoid valves. It is necessary to momentarily actuate the

engine valves prior to the squidb valves to bleed trapped gases from

| the propellant lines in order to insure proper propellant sequencing

into the engine for the initial start. The system is nov armed.

In response to on-board commands, the engine solenoid valves are
opened and the V'S operates until the programmed velocity increment
has deen achimd; At that point, engine operation is terminated by
removal o.f the engine solenoid coutrol signal. The subsystem remains
in an armed condition. Following the last propulsive maneuver, the
normally-open, squidb-operated nitrogen isolation valves are closed.
This operastion seals off the VCS for the remainder of the mission to
minimize the 10ss of nitrogen vhich would othervise be used for space-
eraft attitude eontfol.

Subsystem Performance

Tadble 3.2.5-1 summarizes pertinent Velocity Control Subsystem pei-fom-

ance parameters.

VC8 PERFORMANCE

Thrust, lbs 100 5 §
Specific Impulse, sec N

Nominal 276

Minimum , 270
Mixture Radio, Oxidizer/Muel 2.00 t 0.076
Useable Propellant, lbs.

Minimum 262

Maximum 267

S e _mmz{“‘* D2-100369-2
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3.2.5.6

3.2.6

Constraints

The ﬁly eanstraint imposed on the spacecraft by the VCS is that the

teuperaturo be maintained in & rengs of 35-85°F. Lower temperatures
will result in propellant freezing, and highgr temperatures will
cause en increase in propellant tank pressure vhich, in turn, will
cause rcnof vulvo operuuon and a loss of nitrogen.

Structure sn !gchannnm Descripti

The spacecraft structure consists of three decks and their supporting

structure. The location of these decks and their associated station
designation are as shown in Figure 3.2.6-1. For convenience in struc-
tural analysis the spacecraft structure was separated into two
assenblies, the equipment hounting deck (Station 237) ami the super-
structure (Station 180 to Station 237).
m equipment mounting deck consists of a structural ring around the
perimeter of & stiffened plate. As a structural assembly the equip-
ment mounting deck provides:

® sbear continuity betveen the spacecraft and the sdapter,

e a losd path for the compressive loads due to the V-band tension,

® support for the antennas and solar penels and for their deployment

néhanim, and o

® support for equipment.
The primary truss structure (Station 237 to Station 202) is composed
of six straight round tubes and an arch. These members are attached
to the equipment mounting deck (Station 237) the tank deck (Station
202) such that pairs of tubes form three sides and the arch forms the
fourth side of the primary truss. The deck truss attachments are
spaced af. 90'de‘¢mq on both the equipment and tank decks. At the

equipment deck (Station 237) the sttachments are rotated 45 demrees

—BEENG | "> PE10039-2
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3.2.6

Structure and Mechanisms - Description (Cont.)
from the spacecraft y and s reference axes. At the tank deck (Station

202) the attachments are in line vith the necessary ¥ and z reference
axes. |

The primary truss structure (Station 237 to Station 202) provides
structural attachment between the equipment mounting and tank decks,
The tank deck (Station 202) is a machined ring, v-shaped in cross
secticn, closed out with & fltt- l&et. The tank dack has attachments
for the primary truss, the support structure truncated cone, the fuel
and oxidizer tanks and the nitrogen tank. It also provides forf the
lwrt of the thermal barrier, the high gain antenna, the meteoroid

" detector array, and the svitching assemdly (black box).

The support structure (Station 202-180) consists of & truncated come

"and cylinder with cutouts as required to provide for installation and
operation of Velocity Control System components. It provides structur-
al attachment between the ‘englne- deck and tank deck, support of tubing

and.wiring, and support of Velocity Control System Compoments.
The engine deck (Station 1T79) 1s a bead stiffened plate supported by

‘& ring at the upper end of the support structure cylinder. The engine
deck provides mounting provisions for the velocity control engine, and

component mounting provisions for the attitudes control thruaters and
for the remote sun sensors, support structure and release mechanisn

for the omni antenna, and provision for attachment of ground handling

equipment.

The deployment mechanisms and ordnance device locations are illustrated
in the Figures 3.2.6-2 through 3.2.6-5.
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3.2.7  Thermal Control Subsystes

3.2.7.1 Concept
The fundamental concept for thermal control of the spacecraft 1is a
completely passive system. This is accomplished by providing insula-
.ud Youndsries on all sides of the spacecraft except one. The one
non-insulsted side of the spacecraft Equipment Mount Deck (BMD) 1s
oriented toward the sun and tempsrature controlled by a special paint
coating. The spacecraft conpdmnts are cooled by using the EMD as
a heat sink. All external components are thermally isclated from the
internal spacecraft components. The extarnal components are tempers-
ture controlled by special coatings. ' |

3.2.7.2 Subsystem Requirements
The Ianar Orbiter prelaunch requirements are to maintain the EMD at
70° 7. or below at any time there is power being dissipsted in the
spacecraft. Cleanliness and humidity control must also be maintained.

The spacecraft is thermally required to maintain pasasive temperature
control for the following flight conditions: “

launch and earth park

Translunar

Initial Orbit - standby power {106 W)

Final Orbit - standby power (106 W)

Final Orbit - photo process power (159 W)

Final Orbit - photo readout pover (223 W)
The thermal control requiremsnts for final orbit are to control space-
craft temperature when the spacecraft is subjected to the tolerance
boundaries shown in Tadle 3.2.T-1l.

WVLIR . e _m{ NO. D2-100369-2
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TABLE 3.2.T=1
ORBITAL TOLERANCE BOUNDARIES

MDD ILLUMINA
SOLAR | SOLAR JATION [TARGET|LIGHT|DARK |ORBIT {S/C

ORBITAL |APOLUNE|PERILUNE |CONST.| ABSORB-]|ANGLE [LAT. |TIME |TIME{PERIOD|POWER
kd_ | K¢ _ |W/F2 | TIVITY |DEG. EG. |HRS. |HRS,| HRS. |WATTS
Hot 2100 & 135 25 90 0 2;99 T3 | 3.7T2 | 223
Extrema _
Nominal {1850 k6 130 22 6 |10 2.56 | .92 | 3.47 | 106
Cold ' |1600 k6 125 21 3T -0 (2.26 |.97 | 3.23 | 106
Extreme
The interior spacecraft components qut be thermally coupled so as to
maintain reasonable temperatures vhen power loads are cycled and vhen
the spacecraft is cycled in and out of the shadow of the moon.
All external components must be pfovided with coatings that will control
 temperatures vithin the temperature limits of the materials. '
'3.2.7.3  System Description | |

The EMD teupsrature is controlled by coating the exterior surface

vith a silicone base paint ulir;g ginc-oxide pigment. The initial
properties m

o Emissivity = .90

o Initial Absorbtivity = .22 ¢ .01
‘The maximum solar absorbtivity increase due to ultrs violet is .02.

The spacecraft temperature range during the translunar phase is

 30°P to 100°P. Dur ng the final orbit phase they are as shown in

hbh 3'207’20
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.2. ‘2

RARGES
‘ v ~EOT EXTREME | COLD EXTREME
FINAL ORBIT | __or, op,
Area Around TWTA 95 a2
| Area Around Batteries 9% 20
Ares Around IRU 100 25
Arvea Under Caners 8s -6

NOTE: Changes in power density (W/FI2) on the IMD would change
the above temperatures. |

The internal parts of the spacecraft are thermally coupled by
radiation by painting all internal parts with a highly emmissive
paint. The two exceptions are the Photo Subsystem and the Thermal
Barrier (Mgure 3.2.7-1) vhich are highly reflective. The Photo
Subsystem is highly reflective to permit adequate temperature control
of eritical components inside of the Photo Subsystem. The Thermal
Barrier is highly reflective because it was convenient and heat flov
through it s extremely small so the emmissivity and reflectivity has
very litgle effect on the spacecraft thermal control.

The ,external surfaces have thermal properties shown in Tsble 3.2.7-3.
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TABLE 3. 2 T-3
SURFACE FINISH THERMAL PROPERTIE

BOLAR ABSORPTIVITY EQUILIBRIUM
Thermal 1.0 or less 250 or less
Barrier A
Heat - 2.6 to 3.9 825 to 530
Shiela
LovGain | .22 to .28 30 to 60
‘ Antenna
i|] High Cafn. | +20 to .28 30 to 60
'] Aatenna : Gear Box - 1.0 to 250 to 280
' 1.2
" ' Pieh = 1.0 to 1.2 250 to 280
Solar .85 to 1.0 225 to 250
Arrays
Rocket 1.0 to 1.25 -2%0 to 285
.1 Noszle )

. Equilibrium temperature is the steady states temperature of the
infinitely thin item facing directly toward the sun and perfectly
insulated on the back side. The actual tempefature of each component
is & function of heat flov to.and from the surface facing the sun and
'tho surfaces facing away from the sun. All external components are
designed to be capable of withstanding full sunlight for an unlimitad
time period.
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